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ABSTRACT 

This discussion of transitive inferences (if A 
greater than B & B greater than C, then A greater thean C) emphasizes 
an information processing analysis of logical thought. The two basic 
factors considered in such an analysis are (1) the task environment, 
including its structure, demands, decisions required, and information 
given; and (2) the individual as an information processor (his 
knowiedge^ limitations, etc.). In order to make transitive inferences 
a person must make several critical operations. He must know that the 
scale of comparison is transitive and must code task information. 
Research concerned with children • s coding strategies is discussed to 
illustrate the importance of this operation. Young children 
(t»-6years) can make the inferences if they are forced to code in 
certain ways (if their attention is directed to the comparative 
relations among key elements of the problem) . A second basic 
operation is memory storage. Two possible models of storage are 
identified: (1) a coordinate model in which each ordered pair of 
items is stored, and (2) a spatial integration model in which 
information is integrated as it accumulates into one representation 
which is stored for subsequent inferential thought. Experimental work 
with adult subjects indicating that spatial representations are 
constructed in transitivity tasks is described. (DP) 
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ThA contcdi queniion betoio us 13^ Why do we «tudy 
lo'jic in d psycljolo<)icril context? uno answor in that logic 
{)6rvafU^*5 hairan Intelleotual activity and to study it;5 
op^^rat Lou is a fandaiaental invest iga tioti of co<jrtition. Gn 
tniy i^A pcobably all aqceOt 

Ono coubl view certain forws of logic 355 h kind o£ 
compoteaoe model and uso if 6s a noroi againr.t which to 
dlaqnoso the pte5?ence or absence of, loqioal ahilitieivf 
Asi?untir;rj that the adult possf:si5es the highest forni of 
conipeteace/ then one could Investigate the devp^lopment c£ 
III tell 1 jenco as a ^^wries of api:roxiaationa to this high<:^t 
form. According to this view, the central concern is 
vhothoc oc not the child possesses a given logical ability 
or structure* The order in which these sttuctures iBani£er>t 
theinselven is of interest. 

An alternative approach is to atudy how people perforsi 
logical tatsks in order to dissovqc what th:^y do when forct-d 
to behave within the constraintr i aposed b y t he task* Th^^ 
tocus is on what the person does, not on his success cv 
failure. If one knows the cognitive ptocosses that are 
dotertftinod by the reguireBortts or: the task <^uvir onsient , ona 
could ijr edict success or failure as well as diagnose it. 

The'^latter position is the one we have dev<5lopod in cue 
study of rea^oningo Our belief is that logical problen?^ 
strens our inf or i*a t ion processing system and reveal tnuch 
about the propertief^ of this syste»: It s structural arid 
control processes. Our attitude is one of discovery rather 
than con fir oat ion, induction rather than deduction. 

In this paper, we hope to illustrate the value of an 
inforn^ation processing analysis of a logical task. We have 
chosen the transtlvie inference problem because it is 
logically sitjple but psychologically complex, and tecauso 
this probletn has received considerable attention since Burrt 
first used it in an inteligence test back in 19ig. It Is a 
well known task in Piagetian research* It has received 
considerable study in adults in what are Knowa as 
"throo-torBi secies" probleits* Recent ly, it has becoaie a 
topic in psycholingulstio research which focuses on 
inferences wade accross sentf^ncc^s in text or conn€ct«-d 
discourse. 

In formal teras, what is a transitive Inference? & 
transtivie Inference is a logical operation of the forw: if 
A is greater than 8 (A>8) and if B is greater than C (D>C) , 
then A is greater than C (A>C) • We shall consider first the 
Piagetia:n view. Here, the failure of a child to focta 
inferences before the stage of coi^crete operations {at about 
seven to eight years) is attributed to the la£]s of the 
logical grouping structure of addition of asyirtnetr ical 



rolations* In othec terrs^, the child is unntlo lo 
coordinate the information about iho two eolations ^>0 and 
n>C. In OLU>r to corohine thos<? celation^J with a coiinion 
the chill raust «i rfl?ilt^nooiinly conceive Muj 
rc'ldt ionshi p of tli-j eloaents in the paif AD in t^^rrr.s of th« 
(Ur<>ct (\>rt) and the inverse (B<A) relat ion;;hip • Th>3 
pi ooporat ional child's inability to understand tlio 
r^vor^ilbi lit y ot th'^ ordared rola tioaship .\>P {and B>C) 
prevents him frorn ufjvnq B a3 a cojtmon term which is at th^^ 
fflo tiitiO loss than A and qn*ater than C, 

Lot us beqin by assuming that tho logical operations 
dosrrihed above aco neoefjsary to ii^akt* a transitive* 
inference* ffovevor, if vo find that a child functions in a 
manner consistent with the formal logic nodel, this doofi ngt 
show that the underlying process is equivalent to that of 
forinal logical operations. This point has been irado 
repeatedly, irost notably by Brvmer (1966) and Plavell 
(1961). 

Further/ a logical explanation is insufficient/ 
Logical de.'^cr ipt ions correspond with only sojre properties of 
their referent, and a comp lot e descr ipt ion would hav<i? to 
contain all properties. The properties we chose are those 
which to get ho r doterwino the behavior in question (Sitnoi)^ 
1072). Thus whil^? a logical description helps us 
coniraunicatva about a process, syaho li7e its structure so as 
to hotter remember it, repri^sent an abstract event, simplify 
anti; (nanipu la tc descriptions to tor ff new ones, it ffay be 
necessary but cor ta in 1 y is not a sufficient des:^cript ion of 
the behavior in question. 

1 To begin a inforocation processionti analysis of 
transitivity one has to take into account two roajor factors: 
(1) th^ task environment - its structure, its demands, th^ 
decisions it requires, the infortnation it gives otc, and (2) 
the person as inf orcnaticn prccessot - his knowledge, his 
limitations, his processes, etc. 

With respect to transt ivi t y, ability to perforjn a 
transitive inftrence presupposes that the child kfifiliS 
whether or not a relation is transitive. That is, if a 
child is to infer A>c froffl A>B and H>C, he has to kngvf that 
thf* scale of couiparison is transitive. Thus A is longer 
than C f o 1 lo w s f r 0 ni A i s 1 o nge r t ha n D a nd Bis lo n g e r t ban 
C, but ^ prefers C doos not follow forni A pc<^fers l\ and 1) 
prefers C. - 

Now consider a transitivity task where a child has to 
infer that stick A is longer than stick C, in order to make 
this inf ^^rence symhollically , the child tsust remember the 
initial relations A>B and 0>C. But then, one might ask, 
what is reaiemfcered? That is, how does the child cod^j this 



infortsat ion . 

Oiv(>n that h 13 loncjoc than B i thp input, ono irlijht 
code the liifoccnatlon: 

1 . A ( Ls ifff octant ) 

2, A is lonijt 

1» A i« lonq; B is not lonq. 
^. l\ irvlony; B is short, 

k is loDQec than B and P is shorter than Ai 
Only (5) loads to the ordeted set (A,B)» Codo« ( U # (^) r 
(^) and (4) would It^ad fc hmcc^^:^ or failure depondinq ufoiv 
th*^ task. (Hlloy and Trabanso, 19?)) havo found that 

childton do net code anything at all about length rolations 
when anothot:, simpler code wocks» That is, u« had 
f out -year-olr5 chilUen initially loam a series of four 
cotnparisons A>f^ C<B, OO and H<D whocti they had to choose 
the elenent raosod by the relation te»g» choo^^e A when ask^d 
^•which is lonqet?»'» The childten veto siaai ter than we, they 
learned a .simple ralt^ that A, C and E aro winners and S^and 
D are losers* This corresponds to code (1) above M is 

important) ♦ J 

tn anothGt tayic, when we asked only one coalfJaJ:^^t ivo 
tera Vhrouqhout: A>13, B>C, OD and DM;, the/ couldn It-ar n 
the pairs >uch less draw inferences. Code (3) or (4) was 
u^ed and lead to contradictions of the f orni ident i £ led by 
Piaqetr naiuely labelling B hot h not lonq and Icun (or short 
and long) • 

It van only when we used botli comparative tGrins witiiilj 
a pair, itO, asking the child Which is longer, A or ti? and 
Which is shorter, A or B? that thoy succeeded in both 
learning the ordered ro lation (A , B) and tsakinq inforenc<iS 
such as D>D (cf, Bryant and T tabasso, 1S7 1 ; Lutku?3 and 
Trabasso, 1973) • 

A SGcorid critical operation isi qiven thai the child 
has cod<5d the relations, he y.ust store it in faetflory. How it 
is stored or rGpresent<5d is a critical cjuestion because the 
opera t ions upon this stored represon tat ion are what lead to 
correct answers in the test. 

The nature of the representift ion in atercory ift. cr I tica 1 
sinco it daterwines the raental operations that \will be 
pettor»ed on it* ro the transitivity task^ we can \ldentify 
a^ least' two fossible representations in mesory* In one^ 
the person stores each ordered pair in tneniocyi Then, when 
questioned: Which i>3 longer? (shorter?) he retrieve:^ the 
critical pairs and coordinates then via (riddle terni^, 
consistent with Piigot's analysis. We will call thi^i the 
coordinate tttodel* 

An alternativo representation could arise where the 
person integrates the intoraation as it accru<=*s into a 



sincfle ceprosenta t ion and Ht.ores that in memory tov 
subsequent inference uakinq* That is, the pecson begins by 
fiodinq the end pairs and uses the* as •♦anchors^* R^^ then 
adds eloaents tc tho array as thoy occur until all eleaer.ts 
at e e>o ordered, Whon questioned # he isolates the critical 
elements, notes their order and answers the question. He 
will call this the spatial integration model. 

These Bodels lead to a siwple experiaental test in the 
transitivity task* Look at Table 1 In the Handout, Suppose 
there are sijc sticks of different lengths whore 1 is the 
shortest and 6 is the longest* Following a procedure we 
have usod extensively in showing a child's oettory for the 
initial inforKation 1^3 critical in making transitive 
inferences (Bryant and Trabasso# 197 1 ; Lutkus and Tcabasso, 
1973; Riley and Trabassor 1973) , we first train subjects to 
aake choices a»ong §djas§rjt pairs of sticks. The sticKs are 
color coded and the subject can use only the colors to 
predict the length relation/ On a given training trial, the 
subject is asked one o£ two questions: either '^Hhich stick 
is longer?" or ••Which stick is shorter?"^ and then is shown 
a pair of sticks of the same length but of different colors. 
The subject selects a color by pressing a panel in front of 
the stick. After he makes his choice, he recoivea feedtack 
on its correctness; tfe record the tine it takes him to aake 
the choice, 

After training each asjacent pair in a random order, we 
tost the subject on all possible pairs without feedback. 
The matrix in Table 1 tells us three pieces of information: 

1. The main diagonal (equates) gives us the speed of 
retrieving infer wation on the ^djiassfit training pairs, 

2. The first row and last coluan entries (lines) tell 
us whether of not there are a nchor effects, since these 
involve endpoint sticks, 

3. The critical, off-diagonal entries are thtt^ inference 
tests (circles) , and they involve inCerence st<3ps of 1 or 2 
units. 

If subjects store only the diagonal (adjacent pair) 
Information and coordinate it to answer guostions on 
off-diagonal pairs, then we predict that those pairs with 
aore inferential steps would take longer, tf, on the other 
hand, subjects integrate the information into a spatial 
array and access this Sitfils tsewory representation during 
testing, then we predict^ that the greater the distance 
between the sticks, the faster the tiae. 

We tested these predictions on adult subjects by 
running three conditions. In one condition, subjects 
received both visual and verbal feedback after jaklng a 
choice in training. That is, they were shown the sticks and 



h^ard the rt^ldtion atatca (e.y. Red is lonqet than blue) ♦ 
In a second (vecbdl) condition^ they were told tho rolatiou 
after a choico in training* No feodback^ of any sort vas 
qiven during ttjsting in the above conditions. In ord<ir to 
tof5t whether th€ representation was inde^^d S£atial# ran a 
third group. Instead of training on pairs, ve siwpjy shoved 
thea the sciirs array of stlcxs^ordered 1 - 6. The subjects 
were tested with the sticks in full view via the satne aeans 
as in the visual-plus- verbal and the verbal conditions. In 
all cases, w€ measured the reaction tiae in answering 
question. 

There were 12 college students as subjects in each 
condition and there were fouu tests per pair. 

Table 2 in the Handout gives tho raw AT data oo each 
ausstign for tach of the thieo conditions. Cf particular 
ittpottance arc the uniierlincd RTs tor stops of 1 or 2. 

in five cut of six tables, you will note that the 
two-step RT is lastgt; than the one-step RTs. 

In ordet "to 'see tlie relations aore clearly, wo scaled 
these datar finding a t wc-di itensional representation of all 
inter-pair distances. In this analysis, distance equals the 
reciprocal of RT so that faster tines give longer distances. 

Slido 1 shows the distances for the question longer? 
Note first of all how siniUr these distance plots are for 
all three conditions. the longest stick (nu»ber 6) is 
clearly further from the other five; the reitaini i-g five 
sticks are ordered 1,2,3,4,5 in distance. 

Slide 2 shovs the scaling results for the question 
shorter? No« we find the shortest stick {number 1) 
separated f rota tho rest. The retpalning sticks ate generally 
order^^d 2, 3,^/5* 6 with 6 separated slightly furt her away. 

In our ncKt analysis, we renoved the longest stick 
(nuruber 6) data and the shortest stick (nuwber 1) data frons 
the matrices with watching questions. He then collapsed 
statistically equivalent data roints for distances of 0 
(adjacent pairs), 1, 2, or 3 inferential steps. The wean 
RTs as a function of these distances are shown in Slide 3 
for each condition. The data ate teiaarkably slailar accross 
conditions. The adjacent pair or 0 step RTs are the longest 
despite tho fact that these were the ones upon which the 
subjects were trained. BT decreases? linearly as a function 
of step si^e, perfectly consistent with the spatial 
integration model. The visual and verbal feedback data ace 
virtually identical with that obtained when subjects have 
the display in front of. thetn, suggesting that SESti^J^ 
representations are constructed. The verbal RTs are longer 
and subjects indicated that they had trouble end-anchoring 
in training when the feedback was only verbal. Clearly, the 
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ThUi3, diults who a'cfr su^posfd to ba in tUa foLSdl 
operatioris stage io net porforci suoh opetHtiohs id 
ttdnsitlvUy test:?, gather they uis*? theii: knowlocl<)6 that 
lt>iic|t h in transitivo, iBola tf> th^* extroae ends of the acaK^ 
order each pair and add single e]e»ents to a spatial array 
which is stored in taewory tor later uso In answering 
♦<t ransitivit y<» qm^stions. The integration of s<?parate 
pieces of inforaiation into one unit conserves spacci and 
enables ono to efficiently answer a wide variety of 
inferential questions. 

We are currently carrying out these sa«o experiaents on 
eight to nine-year-old children. The results on the display 
and visual and verbal feedback groups are in and look very 
»uch Like our adult data. 

m overview then, our inquiry i nto transit ive reasoning 
has lead us tc* discover a nuaber of things. We have found 
that very young children {four to six years of age) can make 
transitive inferences if one assures that they are asked 
questions which direct their attention to the co«iparative 
rf^latlons awong the eleaents* They »ay fail if the^codinq 
is inadequate, as deterKiined by the task deaands^ or if they 
forget the original, ordered codes. 

Due adult latency studios (and subsequent studi(?s on 
concrete operational children) show that coordinavion or 
iu t^>f^ra tlon occurs spontan^ ousl y d ur i ng tra ininq as sub jects 
innt?gr7te ordi^rc^i pair inrora»ation Into spatial arrays. 
This intogratich Is an ef ticAeot representatic^n for fieirory 
and infeceno/^ jfia' irig/ ri proc^^ss tiot at all envi^sioncd by 
logical op-^ r w t ior a I iiidlyyi.s. These studir^s h^^i vo convinced 
us of tiie v^lu€ o£ vii.v i ug the huJ^an Jv>inq an Information 
processor who Is td^uc^i .ly good problom :;olverr using his 
liinted oap^cit j iii^ art V ^*xtraord i nary procesoos to oper.ite on 
a variety of task euvi lonocnt^^. Logical processes aro only 
oi\<^ snail part of these skills. 
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